The electron transport chain of the gram-negative bacterium Pseudomonas aeruginosa, grown aerobically, contained a number of primary dehydrogenases and respiratory components (soluble flavin, bound flavin, coenzyme Qg, heme b, heme c, and cytochrome o) in membrane particles of the organism. Cytochrome o, about 50% of the b-type cytochrome, seemed to function as a terminal oxidase in the respiratory chain. The electron transport chain of P. aeruginosa grown aerobically was suggested to be lined up in order of primary dehydrogenase, b, cl, c, o, and oxygen.
Pseudomonas aeruginosa has been well known as a useful industrial organism for 2-keto-D-gluconate production, in which the organism oxidizes D-glucose to D-gluconate, then to 2-keto-D-gluconate at the cell surface, and these products are accumulated outside the cells (14, 17) . These oxidizing systems appear to collaborate with an electron transport system located on the cytoplasmic membrane. We have been interested in these peculiar electron transport systems of the organism.
In earlier works, with the bacterium grown anaerobically in nitrate medium, some respiratory components were purified without aid of detergepts, and cytochrome cd was shown to be a terminal oxidase (7) (8) (9) 21) . On the other hand, in experiments with the organism grown aerobically, Yamanaka (20) reported that cytochrome b-560, cytochrome c-554, or both might be involved in succinate-and NADH-oxidizing systems, and Azoulay and Couchoud-Beaumont (1) reported that cytochrome a, might be a terminal oxidase. Recently, respiratory components in membrane particles of P. aeruginosa grown aerobically were analyzed by Calcott et al. (2) , who showed the existence of cytochrome o besides cytochromes c, b, and al. Thus, the electron transport system of P. aeruginosa has never been completely defined so far. P. aeruginosa IFO 3445 was grown aerobically in gluconate medium (12) , and membrane particles were prepared as described previously (13) using pH 7.0 buffer. By membrane particles prepared from the cells, D-glucose, D-gluconate, NADH, malate, and succinate were oxidized at rates of 230, 140, 180, 120, and 50 natoms of oxygen per min per mg of membrane protein (an average of four experiments), respectively, but DL-lactate was less oxidized than others. Each primary dehydrogenase activity corresponding to each oxidase was also found in the membrane particles. Content of respiratory components in the membrane particles is shown in Table 1 . Ubiquinone extracted from the membrane particles was analyzed by thin-layer chromatography with a silica-gel plate and identified to be coenzyme Qg, as previously shown by Page et al. (15) . Contents ofheme c and hemae b were almost in agreement with that calculated from the dithionite-reduced minus oxidized difference spectrum at room temperature.
The existence of c-type and b-type cytochromes with an a-peak at 553 nm and a shoulder at 560 nm was indicated at room temperature by the dithionite-reduced minus oxidized difference spectrum, whereas no peaks corresponding to a-type or d-type cytochromes were observed. The dithionite-reduced-CO minus reduced difference spectrum (CO spectrum) exhibited a single peak at 417 nm and minor peaks at 540 nm and 570 nm (Fig. 1A) . The spectrum reached maximum reduction slowly, taking about 10 min. The low-temperature-dithionitereduced minus oxidized difference spectrum also revealed that membrane particles possessed ctype and b-type cytochromes, as indicated in peaks at 550 nm and 557 nm and shoulders at 547 nm and 565 nm (Fig. 1B) . The ascorbic acid (ASA)-N,N,N',N'-tetramethyl-p-phenylenediamine-reduced minus oxidized difference spectrum at low temperature exhibited a peak at 550 nm and shoulders at 547 nm and 557 nm. The reduction levels at 550 nm and at 547 nm were almost the same as those in the spectrum with dithionite, and the reduction level at 557 nm was half of that with dithionite, but a shoulder at 565 nm was not observed (data not shown). In both low-temperature spectra with dithionite or ASA-N,N,lN',N'-tetramethyl-p-phenylenediamine as a reductant, membrane particles were not observed to have a-type or d-type cytochromes.
The reaction kinetics of individual cytochromes were determined with a Hitachi-356 spectrophotometer (Table 2) . It was observed in aerobic steady state of all oxidase systems that the reduction level of b-type cytochrome was obviously lower than that of c-type cytochrome. In the anaerobic state, c-type cytochrome attained to the maximum reduction level more rapidly than b-type cytochrome, and the level of b-type cytochrome was lower by 14 to 27% than that of c-type cytochrome. When a mixture of ASA and 2,6-dichlorophenol indophenol (DCIP), which donates electrons to c-type cytochrome, was used as an electron donor in aerobic steady state, the reduction levels of btype and c-type cytochromes were very low (nearly 0%) and high (about 60%), respectively ( Table 2 and Fig. 2) . In anaerobic state achieved with ASA-DCIP, the reduction level of b-type cytochrome was increased from 45% to 80% by the subsequent addition of NADH (Fig. 2) . KCN and NaN3 inhibited each oxidase activity about 60 and 40%, respectively, at a concentration of 1.5 ,umol/mg of protein, and increased the reduction levels of both b-type and c-type cytochromes in aerobic steady state: 19 to 38% in btype cytochrome and 33 to 60-70% in c-type cytochrome. Antimycin A (0.16 ,umol/mg of protein) also inhibited the activity of all oxidases by 56 to 85%, but in aerobic steady state it gave rise to an enlarged reduction level of b-type cytochrome (19 to 32%) and simultaneously diminished that of c-type cytochrome (33 to 20%).
We assumed that cytochrome o functioned as a terminal oxidase, from the following observations. First, neither a-type nor d-type cytochrome was detected in the difference spectra at both room and low temperature, nor in the CO Dithionite-reduced-CO minus reduced and low-temperature difference spectra with membrane particles of P. aeruginosa. In the CO spectrum (A), membrane suspension (1.5 mg of protein per ml) in both cuvettes was reduced by the addition of a few grains ofdithionite. After the base line was obtained, the test cuvette was bubbled with carbon monoxide for 1 to 2 min, and then difference spectrum was recorded. In the low-temperature spectrum (B), the membrane particles were diluted to a protein concentration of10 mg/ml, reduced by dithionite, and frozen in a liquid nitrogen. The measurement wasperformed with a Hitachi-556 dual-wavelength spectrophotometer. Considering the observation described above in the electron transport system, cytochrome b may be located prior to ctype cytochrome, which is followed by cytochrome o.
Gel'man et al. (6) described the existence of cytochromes c-551, c-554, and b-560 in P. aeruginosa grown aerobically. Indeed, in our laboratory, cytochrome c-554(551) has been purified as a component of D-gluconate dehydrogenase (13) , and cytochrome c-551 has been solubilized and purified from the membrane particles of P. aeruginosa (unpublished data, K. Matsushita et al.). Thus, the sequence of cytochromes in the electron transport chain of P. aeruginosa membrane is depicted as follows: each primary dehydrogenase --b --cl -+ c --o --oxygen. How many kinds of b-type and c-type cytochromes are present, and whether cytochromes other than cytochrome o also function as a terminal oxidase, remain unclear; these analyses are in progress.
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